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(54) Decoder for compressed and multiplexed video and audio data 



(57) An apparatus for filtering TS packets multi- 
plexed with a plurality of programs and sending the fil- 
tered packets to decoders (8, 10, 207, 208). A packet 
landing buffer is provided in a RAM (7) used for a micro- 
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processor (12, 204) for system control. After a channel 
is selected, the microprocessor filters video and audio 
data and performs a value added service process. 
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Description 

BACKGROUND OF THE INVENTION 

s The present invention relates to decoding video and audio data which are multiplexed after compression coding, 

and more particularly to a receiver/decoder for receiving video and audio data compression encoded by high efficiency 
coding means and decoding the received encoded data. 

In order to reduce a transmission/record cost of a large amount of video data, the video data is compression 
encoded by high efficiency coding means which removes redundancy and thereafter the data is transmitted or 

w recorded. An example of high efficiency coding means is the well known MPEG method standardized by 
ISO/SC29/WG11. In the MPEG method, an encoded data multiplexing method as well as the video and audio data 
encoding method are standardized as MPEG/Systems. 

In the fields of broadcasting and communications, in recent years, redundancy of moving picture video data is 
removed to compress the video data which is then transmitted in the form of digital signals. For video data compression, 

is discrete cosine transformation (DCT) and motion compensation prediction coding such as one stipulated in MPEG 
specifications are generally performed. With high compression ratio of video data, a plurality of broadcast programs can 
be transmitted in a multiplex manner over a single transmission channel. A program means a set of video data and its 
associated audio and/or text data. 

Multiplexing of a plurality of programs according to the MPEG specifications is stipulated in ITU-T Rec. H.222.0, 

20 ISO/IEC13818-1, 1994 (E), "Information Technology - Generic Coding of Moving Pictures and Associated Audio - Part 
1 : Systems", pp. 9-21 , wherein it is described that a transport stream (hereinafter abbreviated as TS) packet is used for 
such multiplexing which has a fixed length of 188 bytes. The structure of an apparatus called a set top box is shown in 
the block diagram of Fig. 2. This apparatus separates TS packets formed in accordance with the MPEG specifications 
and supplied from a broadcast station or the like, and supplies them to a video decoder and an audio decoder to output 

25 decoded video and audio signals. Conventional techniques will be described with reference to Fig. 2. 

A tuner 1 selects data of one channel transmitted from a communications medium such as a CATV and a commu- 
nications satellite, and supplies the selected channel data to a demodulator 2. The demodulator 2 demodulates the 
channel data which was channel encoded by QAM, QPSK, or the like, performs an error correction process by using 
redundancy codes, and supplies the processed data to a demultiplexer 3. The processed data is a bit stream data of 

30 the TS packet format which is shown in Figs. 3A and 3B. The formats are classified into two types shown in Figs. 3A 
and 3B according to the contents of a TS packet. The format shown in Fig. 3A is used for transmitting program ele- 
ments, including video data, audio data, text data such as teletext, and other data. Each TS packet of 188 bytes is con- 
stituted by a transport stream header (abbreviated as TS header) and a payload containing elements described above. 
The TS header always contains a packet ID (abbreviated as PID) representative of the attribute of the TS packet, and 

35 sometimes contains a program clock reference (abbreviated as PGR) which is time information used for a decoder to 
recover a system clock used as a time reference when each element was encoded. The payload is part of a packetized 
elementary stream (PES). The PES packet is a variable length packet constituting an element unit determined by each 
element, the type of data storage media, and the like. The PES packet is constituted by data of each element and a PES 
header. The PES header includes a stream ID for describing the element contents, time stamp information (PTS) for 

40 describing a PES packet length and a time when the element is displayed, and other pieces of information. The element 
unit designated by PTS is called an access unit. For example, one picture is the unit for video data, and one frame is 
the unit for audio data. The format shown in Fig. 3B is used for program specific information (abbreviated as PSI) which 
is additional information used for the system control. The payload of the TS packet is part of PSI described in units of 
sections. Each section is constituted by a section header, PSI, and cyclic redundancy check (CRC) used for error cor- 

45 rection. The section header indicates the attribute of the succeeding PSI and a section length. PSI is structured hierar- 
chically and contains information necessary for the system control, such as program association table (PAT) describing 
program information (specifically, PID of PMT to be described later) contained in bit stream data transmitted as TS, and 
a program map table (PMT) describing a correspondence between the element and PID in each program. The demul- 
tiplexer 3 shown in Fig. 2 receives a TS packet, and supplies PSI data via a data bus to a system decode buffer allo- 

so cated in a RAM 7, and video and audio data which are elements constituting a program selected by a user, respectively 
to a video decoder 8 and an audio decoder 1 0. The demultiplexer 3 samples time information from the header of the TS 
packet containing PCR, and supplies control signals to a clock generator 4 to recover the system clock. A microproces- 
sor 12 decodes the contents of PSI data sent to the system decode buffer in RAM 7 and stores the results in a system 
decode buffer 73 in RAM 7 in the data format usable by system control software programs. Software programs are gen- 

55 erally stored in the same RAM or in a dedicated ROM. The work area of software programs is generally developed in 
RAM 72. In response to an instruction entered by a user via a user interface unit 13, the microprocessor 12 supplies 
PID which is used for deriving the TS packet of a program, to the demultiplexer 3, by using the decoded PSI data, and 
also supplies a control signal which is used for selecting the program, to the tuner 1. The video decoder 8 and audio 
decoder 10 decode the video and audio data in cooperation with a video decode buffer 9 and an audio decode buffer 
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1 1 . Data transmission speed on a transport channel is different from the bit rate used when each element was encoded, 
because of multiplexing of programs. Therefore, if data is supplied at the data transmission speed directly to the video 
decoder 8 and audio decoder 10, the video decode buffer 9 and audio decode buffer 1 1 may locally overflow or under- 
flow and video and audio outputs are disturbed. It is therefore necessary to insert packet transport buffers 5 and 6 
5 between the demultiplexer and decoders to convert the bit rates in accordance with the capacities of the decoder buff- 
ers, and thereafter to supply element data to the video decoder 8 and audio decoder 10. Multiplexing according to the 
MPEG specifications assume that a packet transport buffer having a capacity of 512 bytes per each element is pro- 
vided. 

The present inventors have found out problems of an increased number of system components and an increased 
w cost to be caused by the provision of the packet transport buffers 5 and 6 independently from the system memory. Even 
if the packet transport buffers are implemented in the demultiplexer 3, the increased circuit scale and an increased cost 
thereof are inevitable. 

The MPEG specifications standardize not only a video and audio encoding method but also a coded data multiplex- 
ing method, as the MPEG/Systems. 
is Fig. 24 shows the structure of a transport packet (hereinafter called a TS packet) adopted by the transport system 
which represents one multiplexing method of the MPEG/Systems. 

Each TS packet is a fixed length packet of 1 88 bytes including a 4-byte header and a 184-byte payload. The 4-byte 
header is constituted by a sync byte, an error flag, a unit start flag, a scramble control flag, a priority flag, a set of PID 
data, an adaptation field control flag, and a cyclic counter. The contents of PID data identify the payload of the TS 
20 packet. 

The payload is constituted by an adaptation field (hereinafter abbreviated as AF) designated by the adaptation field 
control flag and a payload having video and audio encoded data and multiplexing information data. AF is constituted by 
AF length data, a discontinuity flag, a random access flag, a priority flag, a PCR flag indicating a presence/absence of 
AF optional data, an OPCR flag, a splice point flag, a private data flag, and optional data designated by these flags. Of 

25 the optional data, PCR data is used for clock synchronization between the transmission and reception sides, and the 
reception side generates a reference clock of 27 MHz by using a phase locked loop. 

Fig. 25 illustrates selection of a particular channel of encoded video and audio data from a bit stream (TS packets) 
with a plurality of programs (hereinafter called channels) multiplexed. A program association table (hereinafter abbrevi- 
ated as PAT) is always transmitted by a TS packet having PID = "0 M . PAT contains multiplexing information of a plurality 

30 of channels and supplies information on whether each channel program map table (hereinafter abbreviated as PMT) is 
transmitted by a TS packet having what PID value. 

Fig. 25 shows an example of multiplexing of three channels. In order to select a j-th channel and obtain its PMT, the 
TS packet with PID = Mj is captured. This PMT has information that the video data is transmitted by the TS packet with 
PID = Aj and the audio data is transmitted by the TS packet with PID = Vj . Therefore, encoded video data can be 

35 received by capturing the TS packet with PID = Vj and encoded audio data can be received by capturing the TS packet 
with PID = Aj . 

The MPEG/Systems described above, however, define only syntax of TS packets and the like and does not deter- 
mine how a reception apparatus is actually configured. In addition, it does not provide particular definition of multiplex- 
ing of value added services such as program guidance, which definition is relied upon arbitrary decision on the side of 
40 broadcasting companies or program vendors. 

In conventional technique disclosed in JP-A-4-229464 (corresponding to E P -046075 1A2), each packet has time 
information which is used on the decode side as a reference of various timings including a decode timing. 

SUMMARY OF THE INVENTION 

45 

It is an object of the present invention to provide a decoder for compressed and multiplexed video and audio data, 
wherein packet landing buffers are allocated in a RAM used by a CPU for the system control to thereby reduce the 
number of components and lower the cost of components. 

According to one aspect of the present invention, there is provided a decoder for compressed and multiplexed 

so video and audio data for receiving a group of packets having a plurality of multiplexed packet sets each containing video 
data and associated audio data compressed by compression codes and packetized and outputting a set of video and 
audio signals, comprising: a video decoder for decoding the compressed video data; an audio decoder for decoding the 
compressed audio data; a first memory for sequentially storing the group of packets; a processor for executing a proc- 
ess in accordance with a stored program, the process including sequentially reading a packet from the first memory, 

55 filtering packets containing a set of particular video and audio data and a control packet containing attribute information 
of the group of packets, and supplying the particular video and audio data to the video and audio decoders; a second 
memory having a work area for at least the stored program; a third memory for storing the attribute information con- 
tained in the control packet; and an interface unit for transferring an external control signal to the processor, the external 
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control signal being used for filtering a set of video and audio data, wherein the first to third memories are provided in 
the same memory element. 

A storage device of RAM used by a processor (CPU) as a main memory stores operating system software and is 
required to have a capacity of several mega bits. It is therefore easy to allocate the memory of which capacity is required 
s 512 bytes for a packet landing buffer for each data element in the RAM. Therefore, the number of components is not 
increased. 

It is another object of the present invention to provide a receiver for compressed video and audio data capable of 
receiving a bit stream with a plurality of multiplexed channels, decoding the video and audio data, and also receiving 
value added service data flexibly. 
io According to another aspect of the invention achieving the above object, there is provided an apparatus comprising: 
data selecting means for selecting an encoded stream of one channel (a group of packets), multiplexing information 
data, and additional information data, from a multiplexed stream (packets); bus access means for supplying the 
selected encoded stream and the like to a bus; a microprocessor connected to the bus; a random access memory; a 
program memory; means for processing the additional information data; means for decoding the video data; and means 
is for decoding the audio data. 

The apparatus may further comprises: means for generating a clock signal in accordance with clock information in 
the encoded stream; packet sync supply means for supplying a packet sync signal of the encoded stream to the micro- 
processor; means for adding an error flag indicative of failure in correcting transmission errors to the encoded stream, 
and data storage media interface means. 
20 The encoded stream of one channel and other data selected by the data selecting means are stored via the bus 
access means and the bus into the random access memory, data read from the random access memory is analyzed 
and discriminated, and via the bus the video data is supplied to the video data decoding means, the audio data is sup- 
plied to the audio data decoding means, the additional information data or processed additional information data is sup- 
plied to the additional information data processing means. 
25 The video data decoding means expands and decodes the encoded video data and the audio data decoding 
means expands and decodes the encoded audio data to reproduce video and audio signals. The additional information 
data processing means allows, for example, a program guide, to be displayed on video data in an overlay manner. 

The clock signal generating means supplies a clock signal to the video data decoding means, audio data decoding 
means, and microprocessor, to thereby facilitate transfer of data such as encoded data. The packet sync supply means 
30 facilitates recognition of packet sync by the microprocessor. 

The error flag adding means allows the video data decoding means or the like to recognize a presence of any error 
without using a specific signal line. The data storage media interface means supplies the received multiplexed stream 
of one channel to data storage media so that video and audio data can be recorded and reproduced at a low bit rate. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a first embodiment of the invention. 

Fig. 2 is a block diagram showing an example of a conventional apparatus. 

Figs. 3A and 3B are diagrams showing the structure of a transport stream packet. 
40 Fig. 4 is a diagram illustrating the structure of a packet landing buffer. 

Fig. 5 is a diagram illustrating signal transfer among an interface unit, a microprocessor, and a RAM. 

Fig. 6 is a conceptual diagram illustrating read/write timings of the packet landing buffer. 

Fig. 7 is a flow chart illustrating the algorithm of a packet demultiplexing process. 

Fig. 8 is a diagram illustrating synchronous outputs of video and audio signals. 
45 Fig. 9 is a flow chart illustrating the algorithm of a clock recovery process. 

Fig. 10 is a diagram illustrating frequency tracking through comparison between difference values. 

Fig. 1 1 is a block diagram of a second embodiment of the invention. 

Figs. 12A and 12B are diagrams used for illustrating discrimination between packets of programs. 
Fig. 13 is a diagram illustrating the structure of a packet landing buffer. 
so Fig. 14 is a diagram illustrating signal transfer among an interface unit, a microprocessor, and a RAM. 
Fig. 15 is a flow chart illustrating the algorithm of an element demultiplexing process. 
Fig. 1 6 is a block diagram of a third embodiment of the invention. 

Fig. 1 7 is a block diagram a reception apparatus for compressed video and audio data according to a fourth embod- 
iment of the invention. 

55 Fig. 18 is a block diagram showing a first example of the structure of a channel demultiplexer. 

Fig. 19 is a first drawing illustrating the operation of the reception apparatus for compressed video and audio data. 
Fig. 20 is a second drawing illustrating the operation of the reception apparatus for compressed video and audio 
data. 

Fig. 21 is a diagram showing tasks of a microcomputer. 
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Fig. 22 is a block diagram showing a second example of the structure of a channel demultiplexer. 
Fig. 23 is a block diagram showing a third example of the structure of a channel demultiplexer. 
Fig. 24 is a diagram illustrating an encoded stream. 
Fig. 25 is a diagram illustrating a principle of selecting a channel. 

5 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the invention will be described with reference to the accompanying drawings. 

Fig. 1 is a block diagram showing the structure of the first embodiment of the invention. A tuner 1 selects data of 

w one channel transmitted from a communications medium such as a CATV and a communications satellite, and supplies 
the selected channel data to a demodulator 2. The demodulator 2 demodulates the channel data which was channel 
encoded by QAM, QPSK, or the like, performs an error correction process by using redundancy codes, and supplies 
the processed data to an interface unit 1 4. The processed data is a bit stream data of the TS packet format. In response 
to a control signal from a microprocessor 1 2, the interface unit 1 4 transfers all TS packet data to a packet landing buffer 

is 71 in a main memory RAM 7. The internal structure of the packet landing buffer 71 is shown in Fig. 4. The packet land- 
ing buffer 71 is a first-in -first-out (FIFO). Only one packet is written in each line in the landing order, and read in the 
same order. Video#1 in Fig. 4 represents a packet containing video data of a program #1. The buffer is assigned with 
row addresses which are updated by one each time a packet is written, and after N packets are received, the address 
returns to 0. The line number N is set so as to satisfy: 

20 

188 bytes x N > 512 bytes x (maximum element number per program + 1) * (maximum program number per TS) 

Each line of the packet landing buffer 71 is added with an information byte representative of a packet landing time to 
allow the recovery of the system clock. A write method to the packet landing buffer 71 will be described with reference 

25 to Fig. 5. Fig. 5 is a block diagram showing the details of the interface unit 14. microprocessor 12, clock generator 4, 
and RAM 7 shown in Fig. 1 . The interface unit 1 4 includes a TS header detector 1 40 and a transfer buffer 1 41 . By using 
the TS packet data and a TS packet transfer clock tsClock, the TS header detector 1 40 searches the TS packet header 
based upon a bit pattern, and supplies a TS packet header byte landing timing to the microprocessor 12 in the form of 
an interrupt signal. By using the interrupt signal as a trigger signal, the microprocessor 12 transfers the contents of a 

30 timer to a register 124. The timer 123 is an up-counter which is counted up in response to the system clock frequency. 
The landing time measured by the timer 123 is therefore transferred to the register 124. The interrupt signal counts up 
by one line the value of a write address counter 122. Therefore, the row address is updated synchronously with the 
packet header, and even if an error that the packet length is not 188 bytes occurs, the next packet immediately after the 
error is ensured to be correctly written without any practical problem. The transfer buffer 141 is a buffer for outputting a 

35 TS packet onto a data bus, and transfers the data at high speed to RAM 7 through direct memory access (DMA), by 
performing data bit conversion and time axis conversion from transport path clock tsClock into data bus clock busClock. 
The write timing to RAM 7 is controlled through handshake with a DMA controller 121. Specifically, after the data trans- 
fer preparation is completed at the transfer buffer 141 , a transfer request signal DREQ is outputted and when a transfer 
acknowledge signal DACK is sent back from the DMA controller 121, the data is written in RAM 7 without passing 

40 through the register of the microprocessor 12. The write row address used is the address counted up by the above- 
described mechanism. After one packet data is transferred, the microprocessor 12 adds information byte data repre- 
sentative of the landing time in the register 124 to the packed data in the packet landing buffer. 

The microprocessor 12 derives only elements of the user selected program from the TS packet data written in the 
packet landing buffer 71, and filters them to corresponding decoders. As shown in Fig. 6, the timing of reading a TS 

45 packet is set in the manner as the read address follows the write address. In order not to overflow the TS packet landing 
from the transport channel, the write address is updated every time the packet lands, independently from the read 
address. Therefore, the microprocessor 12 compares read and write addresses and controls so that the read address 
will not pass the write address. In this manner, the microprocessor 12 reads the packet data and performs a packet fil- 
tering (or demultiplexing) process in accordance with the algorithm illustrated in Fig. 7. Fig. 7 illustrates a packet filtering 

so process algorithm wherein a user selects a program number #k which contains only video and audio data as its ele- 
ments. The microprocessor 12 fetches PID in the packet header (S1). It is checked by referring to the program map 
table (PMT) whether the fetched PID corresponds to the program #k or contains PSI (S2). If the PID does not corre- 
spond to the program #k, the flow skips to the next row address (S9). If the fetched PID corresponds to the program #k, 
it is checked whether the PID contains clock reference information PCR. i.e., PCR_PID (S3). If PCR is contained, the 

55 flow advances to a clock recovery process to be described layer (S4), whereas if not, the flow advances to an ele- 
ment/PSI discrimination process (S5). Referring to PMT, CPU checks whether PID indicates video, audio, or PSI to 
advance to a video packet transfer process routine (S6), an audio packet transfer process routine (S7), or a PSI packet 
process routine (S8), respectively. In the video packet transfer process routine (S6), the payload in the TS packet is 
derived and transferred. The transfer speed is controlled at each data transfer through handshake with a decoder by the 
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microprocessor 12 or DMA controller 121. As a result, an average transfer speed coincides with the decode speed. 
Alternatively, the microprocessor 12 may supply a constant rate from an internal timer, by using the bit rate information 
added to each element. 

The contents of transfer data depend upon a video decoder 8. Specifically, if the decoder acknowledges an input 

s of the PES packet, the whole PES packet including the PES packet header is transferred, or if the decoder acknowl- 
edges an input of element data, the payload of the PES packet excepting the PES header is transferred. In this case, 
analyzing the PES header is performed by the microprocessor 12 which manages the PTS information indicating the 
decode timing and supplies the video decode timing designated by PTS to the video decoder 8. Also in the audio packet 
transfer process routine (S7), the transfer process of the microprocessor 12 changes with the data type received by the 

w audio decoder 10, similar to the video data type. Fig. 8 is a diagram showing the data output timings in which both the 
video and audio decoders 8 and 19 receive element data. For the description simplicity, it is assumed that picture data 
and audio frame data are requested at the same PTS, i.e., at the same timing t = PTS (v) = PTS (a) . The video decode 
buffer 9 has a buffer stipulated by the MPEG method as video buffering verifier (vbv), and data read from this vbv buffer 
is decoded. The amount of read data changes with the type of picture (I, P, B), i.e., with the compression factor. I rep- 

15 resents Intra, P represents Predicted, and B represents Bidirectional. However, if the microprocessor 12 supplies a 
decode timing so as to display a picture at the stipulated PTS timing, the vbv buffer has no overflow/underflow (empty). 
In the example shown in Fig. 8, a picture inputted to the video decoder 8 is delayed by the vbv buffer by a delay time of 
Tvbv. Decoding the picture starts at a timing t = PTS (v) , whereas decoding an audio frame starts at a timing 
t = PTS (a) . However, the video decoder 8 is unable to display the picture at the same time when the picture is 

20 decoded, because the decoded picture is always outputted from a display buffer. Therefore, there is a delay time Tdisp 
inherent to the decoder, from the decode start time to the display time. There is another delay time Text inherent to the 
system to be generated by digital/analog conversion of the decoded picture and display conversion matching a display 
device, and in an image synthesizing device. Therefore, there is generally a total delay time Tvid in the video system. 
Similarly, in the audio system, there is a total delay time Taud. In order to synchronize video and audio, the microproc- 

25 essor 12 is required to adjust a difference Tadj between Tvid and Taud. In this invention, a delay buffer 74 for compen- 
sating for the different Tadj is provided in RAM 7 to realize synchronized outputs. Since the delay times inherent to the 
decoders and system are known when the system is configured, the difference Tadj is calculated and the timing when 
the data is supplied to the video or audio decoder is delayed by Tadj. Specifically, data is once transferred from the 
packet landing buffer 71 to the delay buffer 74 and then transferred to the decoder, or the capacity of the packet landing 

30 buffer 71 is increased by an amount corresponding to Tadj and data is again read from the buffer upon lapse of the delay 
time. In both the cases, the delay process for synchronization can be performed in the main memory by software, with- 
out using another memory. 

In the PSI packet process routine (S8), section data is analyzed, and if there is PSI data, data in a corresponding 
table is updated. After one TS packet is processed in accordance with its PID, the read row address of the packet land- 

35 ing buffer 71 is advanced by one line to process the next TS packet (S9). 

The clock recovery process (S4) will be described with reference to Figs. 9 and 10. The clock recovery process (S4) 
is performed if PCR is contained in the read packet. The microprocessor 12 reads a PCR value and calculates a differ- 
ence from the arrival time data added to the packet. This calculated difference is a current difference DIFcur (S1 1). A 
difference between the previous DIFpre and the current difference DIFcur is ERR (S12). Fig. 10 illustrates a count (solid 

40 line) of the timer 1 23 in the microprocessor 1 2 and a count (broken line) PCR at the transmission side. If the frequencies 
of counting up the counters are the same, the slopes of the count lines are the same and the difference values DIFpre 
and DIFcur are the same regardless of the packet landing time. Therefore, ERR can be used as an index of a frequency 
shift. If ERR is larger than a threshold value (S13), a reset operation including an initial value setting is performed and 
the frequency is not adjusted. If ERR is not larger than a threshold value, it is checked whether the frequency shift ERR 

45 is positive or negative (S14). If positive, the clock frequency is accelerated to cancel out the increase of the difference 
(S15). If negative, the dock frequency is decelerated (S16). If ERR is zero, the frequency is not changed but DIFpre is 
updated (S17) and the flow returns to the main process (S18). The microprocessor 12 supplies a frequency accelera- 
tion/deceleration control signal to the clock generator 4. Generated clocks count up the timer 123. In this manner, a 
feedback loop is formed. 

so As described above, in this embodiment, the packet landing buffer 71 is provided in RAM used by the microproc- 
essor for the system control. Therefore, data can be supplied to the decoders without increasing the number of compo- 
nents and the cost thereof. 

The secondary advantage is that synchronization control can be performed by software because RAM has the 
delay buffer 74 as shown in Fig. 1 for the compensation for asynchronization between video and audio to be caused by 
55 delays inherent to the decoders and system. Since the write address of the packet landing buffer 71 is updated at the 
timing of the packet header, a data write mechanism is possible which maintains the operation even after a data error 
occurs. Since the packet landing or arrival time is written in the packet landing buffer 71 , a reference clock can be recov- 
ered by software. 
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Next, the second embodiment of the invention will be described. Fig. 11 is a block diagram showing the second 
embodiment. Blocks common to the first embodiment are represented by identical reference numerals, and the descrip- 
tion thereof is omitted. In the second embodiment, an output of the demodulator 2 is supplied to a program packet filter 
15. The program packet filter 15 derives from transmitted TS packets a PSI packet and a TS packet containing an ele- 

5 ment of the user selected program (program number #k), and supplies the filtered packets to the interface unit 14. Figs. 
12A and 12B illustrate a filtering process to be executed by the program packet filter 15. Fig. 12A shows inputted TS 
packets, and Fig. 12B shows outputs after the filtering process. TS packets transferred from the interface unit 14 to RAM 
7 are only the PSI packet and TS packets relevant to the program #k. The contents of the packet landing buffer 71 are 
shown in Fig. 13. Similar to the first embodiment, the packet landing buffer 71 is of a FIFO type cycling by N lines. How- 

w ever, N is set so as to satisfy: 

188 bytes x N > 512 bytes x (element number per program + 1) 



is The capacity of the packet landing buffer 71 is therefore smaller than the first embodiment which receives TS packets 
including unnecessary packets. In the second embodiment, the recovery process is performed by hardware by connect- 
ing the clock generator to the program packet filter 15 so that the information byte representative of the packet arrival 
time is not additionally stored in the packet landing buffer 71 . The details of the recovery process are illustrated in Fig. 
1 4. The program packet filter 1 5 has a TS header detector 1 51 for detecting the header of a TS packet, a PID filter 1 52, 

20 a PCR counter 1 53, and a comparator 1 54. The arrival timing signal of a TS packet outputted from the TS header detec- 
tor 151 counts up the write address counter 122 in the microprocessor 12 and is used as a trigger pulse for sampling 
the count of the PCR counter 153. The sampled count is supplied to one input terminal of the comparator 54. By using 
the PID data supplied from the microprocessor 1 2, the PID filter 1 52 supplies the packets of the program #k and the PSI 
packet to the transfer buffer 141 of the interface unit 14, and picks up the PCR value from the packet with PCR_PID to 

25 supply it to the other input of the comparator 154. The comparator 154 compares the sampled count with the PCR 
value, and supplies a frequency control signal to the clock generator 4, the control signal accelerating the frequency if 
the count value is smaller than the PCR value and decelerating if the count value is larger than the PCR value. Clocks 
outputted from the clock generator 4 count up the PCR counter 153 to thereby form a feedback loop. The data transfer 
from the transfer buffer 141 to RAM 7 is controlled through handshake with a DMA controller 121 . Specifically, after the 

30 data transfer preparation is completed at the transfer buffer 141 , a transfer request signal DREQ is outputted and when 
a transfer acknowledge signal DACK is sent back from the DMA controller 121 . the data is written in RAM 7 without 
passing through the register of the microprocessor 12. The write row address used is the address counted up by the 
above-described mechanism. The microprocessor 12 reads the PID data corresponding to the user selected program 
#k from the program map table in RAM 12 and sets it to the register 123. The PID data is then supplied from the output 

35 port to the PID filter 152. This PID data may be supplied via the data bus. In this embodiment, the program packet filter 
1 5 filters the packets of the program #k and performs the clock recovery process. Therefore, as illustrated in Fig. 1 5, the 
algorithm of the data filtering from RAM 7 to the decoders includes only a filtering process for the elements of the pro- 
gram and PSI packet. The processes of S5 to S9 after the packet PID is fetched are the same as Fig. 7, and so the 
description thereof is omitted. Also in the second embodiment, the packet landing buffer is provided in RAM used by 

40 the microprocessor for the system control. Therefore, data can be supplied to the decoders without increasing the 
number of components and the cost thereof. 

The secondary advantage is that synchronization control can be performed by software because RAM has the 
delay buffer 74 as shown in Fig. 1 for the compensation for asynchronization between video and audio to be caused by 
delays inherent to the decoders and system. Since the write address of the packet landing buffer is updated at the tim- 

45 ing of the packet header, a data write mechanism is possible which maintains the operation even after a data error 
occurs. 

Next, the third embodiment of the invention will be described. Elements transmitted via a transmission medium may 
include application programs and data which the microprocessor can process. An apparatus of this embodiment allows 
a user to use such elements transmitted in the packet format similar to video and audio data described with the first and 
so second embodiments. 

Fig. 16 is a block diagram of the third embodiment. This embodiment is based upon the second embodiment, and 
blocks common to the second embodiment are represented by using identical reference numerals and the description 
thereof is omitted. The program packet filter 15 filters multiplexed TS packets containing a user selected program and 
the PSI packet, and the filtered packets are sequentially stored in the packet landing buffer 71 in RAM 7. The microproc- 
55 essor 12 analyzes the contents of elements in accordance with the information of the PSI packet and can know that the 
elements contain an application program and data executable by the microprocessor 12. The microprocessor 12 then 
reads the application program and data from the payload of each packet, and relocates them in RAM 7 so as to make 
them executable by the microprocessor 12. The system control program executes packet reception tasks similar to the 
above embodiments, and time divisionally assigns each task with resources of the microprocessor 12 such as a CPU 
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cycle and a data bus access privilege, for execution of the relocated application program. The application program 
therefore runs in each assigned time slot. Assuming that the application program displays received graphics and/or 
audio data, the data is supplied to an external monitor and/or speaker via a display interface unit 16 connected to the 
data bus. The user interface unit 13 is constituted by a keyboard, a mouse, and other devices like a general computer. 

5 The user interface unit 1 3 functions as a means for feeding back an instruction to the microprocessor 1 2 from a user in 
response to the outputs from the external monitor and/or speaker. 

As described above, also in receiving a program constituted by elements of an application program and data, the 
cost of the apparatus can be reduced by providing the packet landing buffer 71 in RAM 7, as compared to the MPEG 
system specifications which stipulate provision of transport buffers of 51 2 bytes regardless of the contents of elements. 

w As described in detail, the packet landing buffer is provided in RAM used by the microprocessor for the system con- 
trol. Therefore, data can be supplied to the decoders without increasing the number of components and the cost 
thereof. 

Fig. 1 7 is a block diagram showing the structure of a reception apparatus for compressed video and audio data. 
In Fig. 17, reference numeral 200 represents a demodulator, reference numeral 201 represents an error correction 

15 demodulator, reference numeral 202 represents a channel demultiplexer, reference numeral 203 represents a random 
access memory (hereinafter called RAM), reference numeral 204 represents a microcomputer, reference numeral 205 
represents a program memory, reference numeral 206 represents an on-screen display processor (hereinafter called 
an OSD processor), reference numeral 207 represents a video decoder, and reference numeral 208 represents an 
audio decoder. In Fig. 1 7, a tuner and other blocks of the reception apparatus for compressed video and audio data are 

20 not shown because they are the same as Figs. 1 and 1 1 . 

Fig. 18 is a block diagram showing an example of the structure of the channel demultiplexer 202. In Fig. 18, refer- 
ence numeral 210 represents a PSI-PID filter, reference numeral 21 1 represents an SI-PID filter, reference numeral 212 
represents a video/audio PID filter, reference numeral 213 represents a PGR filter, reference numeral 214 represents a 
sync signal delay circuit, reference numeral 215 represents an error flag delay circuit, reference numeral 216 represents 

25 a mixer, reference numeral 217 represents an error flag adder, reference numeral 218 represents a buffer for direct 
memory access (hereinafter called a DMA buffer), reference numeral 219 represents a PID data interface unit, and ref- 
erence numeral 220 represents a clock generator. 

Figs. 19 and 20 are diagrams used for explaining the operation of the embodiment shown in Figs. 17 and 18. Fig. 
21 is a diagram showing tasks executed by the microprocessor. 

30 The structure of the reception apparatus shown in Fig. 17 is based upon the apparatus shown in Fig. 1 1 . The rela- 
tionship therebetween will be briefly described. The circuit constituted by the demodulator 200 and error correction 
demodulator 201 shown in Fig. 17 corresponds to the demodulator 2 shown in Fig. 1 1 . The channel demultiplexer 202 
shown in Fig. 17 corresponds to the circuit constituted by the program packet filter 15 and interface unit 14 shown in 
Fig. 1 1 . The circuit constituted by RAM 203 and program memory 205 shown in Fig. 1 7 corresponds to RAM 7 shown 

35 in Fig. 1 1 . The video decoder 207 and audio decoder 208 shown in Fig. 1 7 correspond to the video decoder 8 and audio 
decoder 10 shown in Fig. 1 1 , respectively. The circuit shown in Fig. 18 corresponds to the circuit portion constituted by 
the program packet filter 1 5, interface unit 1 4, and clock generator 4 shown in Fig. 1 1 . 

Referring to Fig. 17, an encoded stream (group of packets) a inputted to the error correction demodulator 201 is a 
set of multiplexed data: including TS packets corresponding encoded data of respective channels CH1 , CH2, and CH3 

40 shown in Figs. 19 and 20; a TS packet of PSI (program specific information); and an IS packet of SI (value added serv- 
ice information). Each TS packet is added with parity data for transmission error correction and detection. The error cor- 
rection decoder 201 corrects error by using the parity data, and sends an error-corrected encoded stream (b in Fig. 1 7), 
a sync signal c ((b) in Figs. 19 and 20) corresponding to the header of the TS packet, and an error flag d ((d) in Fig. 20) 
if transmission errors remain without being corrected by the parity data, to the channel demultiplexer 202. 

45 In the channel demultiplexer 202 shown in Fig. 18, the error-corrected encoded data b is supplied to the PSI-PID 
filter 210. SI-PID filter 21 1, video/audio PID filter 212, and PCR filter 213. The PSI-PID filter 210 filters or selects a TS 
packet (hereinafter called a PSI packet) of multiplexed information such as PAT and PMT. The Si-PID filter 21 1 filters a 
TS packet (hereinafter called SI packet) of value added service information such as a program guide and conditional 
access information. The video/audio PID filter 212 filters a TS packet (hereinafter called either a video packet or an 

so audio packet) corresponding to video or audio encoded data of a particular channel. The PCR filer 213 captures a TS 
packet having PCR data and picks up the PCR data. The PSI. SI. video, and audio packets are re-multiplexed by the 
mixer 21 6 and sent to the error flag adder 21 7 as a post-channel-selection encoded stream. The post-channel -selection 
encoded stream is shown at (c) in Figs. 19 and 20. The encoded stream in the example shown in Figs. 19 and 20 is 
assumed that the channel CH2 is selected. As shown, the encoded stream is constituted only by the PSI packet, Si 

55 packet, and TS packets of CH2 (not distinguished between video and audio in Figs. 19 and 20). 

The error flag adder 21 7 is inputted with the post-channel-selection encoded stream and the error flag d underwent 
proper timing adjustment by the error flag delay circuit 21 5, an error mark signal being added to the encoded stream as 
shown at (c) in Fig. 20. This mark signal is preferably a signal indicating a unique pattern in the encoded stream, such 
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as a sequence-error-code in the MPEG method. Thereafter, the encoded stream is DMA transferred via the DMA buffer 
218 and the data bus to the microprocessor 204 and stored in RAM 203. 

The sequence-error-code of the MPEG method is a 4-byte code. If an error flag code made of a plurality of bytes, 
in this example, four bytes, is used and if the position of the error flag is between the last byte and the third last byte of 
s the TS packet, then the error flag adder 21 7 adds the error flag code at the fourth last byte of the TS code in order not 
to ride upon the two consecutive packets. 

The PID interface unit 219 is connected to the bus. The PID interface unit 219 receives the PID information from 
the microcomputer 204 and supplies the PSI-PID filter 210, SI-PID filter 21 1 , video/audio PID filter 212, and PCR filter 
213 with the PID information of the TS packet to be captured. 
w As shown in Fig. 21 , in addition to the DMA transfer, the microprocessor 204 reads the encoded stream from RAM 
203, and analyzes the header of the TS packet to discriminate data types of respective TS packets, i.e., between video 
data, audio data, PSI data, and SI data. Thereafter, the microprocessor 204 processes the data in accordance with its 
type. 

In the case of video data, the video data is supplied to the video decoder 207 via the bus to decode it. Similarly, the 
is audio data is supplied to the audio decoder 208 to decode it. 

In the case of PSI data, in accordance with the analyzed contents of the PSI data and the user selected channel 
information entered from an unrepresented remote controller, the PID information of each packet to be captured is sup- 
plied via the bus and PID interface 219 to the PSI-PID filter 210. SI-PID filter 21 1. video/audio PID filter 212, and PCR 
filter 213 respectively of the channel demultiplexer 202. 
20 In the case of SI data, the contents thereof are analyzed. If the data is program guide information. OSD data is gen- 
erated from this information and sent to the OSD processor 206 via the bus. The OSD processor 206 processes the 
OSD data f and sends it to the video decoder 207 in synchronization with a sync g of the video data decoded by the 
video decoder 207. In this manner, the program guide is displayed, for example, overlaid on the decoded video data. 
The program memory 205 stores programs writing the operations of the microprocessor 204. Although the program 
25 memory 205 may be a read-only memory (ROM), other memories such as a rewritable non-volatile memory and an IC 
card may be used which can deal with a variety type of SI information. 

In addition to the bus, a clock signal elk and a TS packet sync signal e are supplied from the channel demultiplexer 
202 to the microprocessor 204. By using information captured by the PCR filter 213. the clock generator 220 generates 
a reference clock synchronous with video or audio data or both data. This clock is set to 27 MHz according to the MPEG 
30 method. The clock signal is used in common as the clock signals for the microprocessor 204. video decoder 207, and 
audio decoder 208. 

After the timing of the sync signal is adjusted by the sync delay circuit 214 so as to synchronize it with the TS packet 
sent over the bus, the sync signal is supplied via the port e to the microprocessor 204 as its interrupt signal. In response 
to the interrupt signal, data of one packet is supplied to the microprocessor 204. 
35 In this embodiment, therefore, it is possible to discriminate between the video and audio data of the received bit 
stream with a number of multiplexed channels and supplies data to the proper decoder. Since the same microprocessor 
204 is used for processing additional information such as SI, this processing can be flexibly performed by exchanging 
programs or the like. 

Since the common clock signal is used for the microprocessor 204, video decoder 207, and audio decoder 208. 
40 transfer of encoded data can be efficiently carried out. Since the sync signal of the TS packet is used as the interrupt 
signal of the microprocessor 204 and the sync detection of the TS packet is performed only once by the error correction 
circuit 201 , the structure of the apparatus can be simplified. 

Fig. 22 shows a second example of the structure of the channel demultiplexer 202. In Fig. 22, similar blocks to 
those of the first example shown in Fig. 1 8 are represented by using identical reference numerals. In this second exam- 
45 pie, a selector 221 and a data storage media interface unit 222 are added to the structure of the first example. 

Post-channel-selection encoded data subjected to the error flag process by the error flag adder 217 is supplied to 
the selector 221 and data storage media interface unit 222. The data storage media interface unit 222 supplies the post- 
channel-selection encoded data to data storage media such as a video taperecorder (VTR) and a hard disk, as a record 
signal p. A data storage media reproduction signal g is inputted to the data storage media interface 222 and supplied 
so to the selector 221 . 

In response to a control signal (not shown), the selector 221 selects either decoding the directly received encoded 
data or decoding the reproduction signal from the data storage media, and sends the selected encoded data to the 
DMA buffer 218. 

In this example, video/audio data can be digitally recorded and reproduced without providing an encoder/decoder 
55 in the data storage media apparatus. The signal after channel selection is used as a record signal to the data storage 
media, and the data rate can be suppressed minimum. 

Fig. 23 shows a third example of the structure of the channel demultiplexer 202. In Fig. 23, similar blocks to those 
of the second example are represented by using identical reference numerals. In this third example, a PSI-PID filter 
223, a video/audio filter 224, a mixer 225, and an error flag adder 226 are duplicated and added to the second example. 
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A record signal to the data storage media is formed by the duplicated PSI-PID filter 223, video/audio filter 224, 
mixer 225. and error flag adder 226. 

In this embodiment, therefore, a channel for recording data in data storage media can be set independently from 
the channel for decoding data by the video and audio decoders 207 and 208. 

As described above, according to the embodiment, the structure of a receiver for receiving a bit stream with a plu- 
rality of multiplexed channels and recovering video and voice data can be simplified, and furthermore, value added 
services can be flexibly received. 

Claims 

1 . A decoder for compressed and multiplexed video and audio data for receiving a group of packets having a plurality 
of multiplexed packet sets each containing video data and associated audio data compressed by compression 
codes and packetized and outputting a set of video and audio signals, comprising: 

video decoder means (8) for decoding the compressed video data; 
audio decoder means (10) for decoding the compressed audio data; 

first memory means (71) for sequentially storing the packetized and multiplexed group of packets; 
processor means (12) for executing a process in accordance with a stored program, the process including 
sequentially reading a packet from the first memory means, filtering packets containing a set of particular video 
and audio data and a control packet containing attribute information of the group of packets, and supplying the 
particular video and audio data to the video and audio decoder means; 
second memory means (72) having a work area for at least the stored program; 
third memory means (73) for storing the attribute information contained in the control packet; and 
interface means (1 3) for transferring an external control signal to the processor means, the external control sig- 
nal being used for filtering a set of video and audio data, 

wherein the first to third memory means are provided in the same memory element. 

2. A decoder according to claim 1 , further comprising: 

means (140) for detecting the header timing of each packet of the inputted group of packets, 

wherein updating an address used for storing the packet group in the first memory means is performed syn- 
chronously with an input timing of the packet header. 

3. A decoder according to claim 1 , further comprising: 

means (4) for generating a second clock signal having generally the same frequency as a first clock signal used 

as a time reference for compression coding; 

a counter (123) for counting the second clock signal: 

sampling means (124) for sampling the count of the counter synchronously with the header timing of each 
pocket of the inputted group of packets, the first memory means having an area for storing the count sampled 
by the sampling means at an address of the packet stored in the first memory means; and 
means (12) for controlling the frequency of the second clock signal generating means, by using a difference 
change between the stored count and a time stamp if the packet contains the time stamp of the first clock sig- 
nal. 

4. A decoder according to claim 2, further comprising: 

means (4) for generating a second clock signal having generally the same frequency as a first clock signal used 

as a time reference for compression coding; 

a counter (123) for counting the second clock signal: 

sampling means (124) for sampling the count of the counter synchronously with the header timing of each 
pocket of the inputted group of packets, the first memory means having an area for storing the count sampled 
by the sampling means at an address of the packet stored in the first memory means; and 
means (12) for controlling the frequency of the second clock signal generating means, by using a difference 
change between the stored count and a time stamp if the packet contains the time stamp of the first clock sig- 
nal. 
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5. A decoder for compressed and multiplexed video and audio data for receiving a group of packets having a plurality 
of multiplexed packet sets each containing video data and associated audio data compressed by compression 
codes and packetized and outputting a set of video and audio signals, comprising: 

s video decoder means (8) for decoding the compressed video data; 

audio decoder means (10) for decoding the compressed audio data; 

filter means (15) for filtering packets containing a set of particular video and audio data and a control packet 

containing attribute information of the group of packets; 

first memory means (71) for sequentially storing the filtered packets; 

w processor means (12) for executing a process in accordance with a stored program, the process including 

sequentially reading a packet from the first memory means, supplying video and audio data to the video and 
audio decoder means, and supplying the attribute information of the set of particular video and audio data; 
second memory means (72) having a work area for at least the stored program; 
third memory means (73) for storing the attribute information contained in the control packet; and 

15 interface means (1 3) for transferring an external control signal to the processor means, the external control sig- 

nal being used for filtering a set of video and audio data, 

wherein the first to third memory means are provided in the same memory element. 

20 6. A decoder according to claim 1 , further comprising: 

fourth memory means (74) provided in the same memory element as the first to third memory means, the 
fourth memory means being used for compensating for a shift between a timing when the video signal is out- 
putted and a timing when the audio signal associated with the video signal is outputted, the shift being caused 
25 by a process delay by one of the video and audio decoder means. 

7. A decoder according to claim 2, further comprising: 

fourth memory means (74) provided in the same memory element as the first to third memory means, the 
30 fourth memory means being used for compensating for a shift between a timing when the video signal is out- 

putted and a timing when the audio signal associated with the video signal is outputted. the shift being caused 
by a process delay by one of the video and audio decoder means. 

A decoder according to claim 3, further comprising: 

fourth memory means (74) provided in the same memory element as the first to third memory means, the 
fourth memory means being used for compensating for a shift between a timing when the video signal is out- 
putted and a timing when the audio signal associated with the video signal is outputted. the shift being caused 
by a process delay by one of the video and audio decoder means. 

A decoder according to claim 4, further comprising: 

fourth memory means (74) provided in the same memory element as the first to third memory means, the 
fourth memory means being used for compensating for a shift between a timing when the video signal is out- 
45 putted and a timing when the audio signal associated with the video signal is outputted, the shift being caused 

by a process delay by one of the video and audio decoder means. 

10. A decoder according to claim 5, further comprising: 

so fourth memory means (74) provided in the same memory element as the first to third memory means, the 

fourth memory means being used for compensating for a shift between a timing when the video signal is out- 
putted and a timing when the audio signal associated with the video signal is outputted, the shift being caused 
by a process delay by one of the video and audio decoder means. 

55 1 1 . A decoder for compressed and multiplexed video and audio data for receiving a group of packets having a plurality 
of multiplexed packet sets each containing video data and associated audio data compressed by compression 
codes and packetized and outputting a set of video and audio signals, comprising: 

a video decoder (8) for decoding the compressed video data; 
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an audio decoder (10) for decoding the compressed audio data; 
a first memory (71) for sequentially storing the group of packets; 

a processor (12) for executing a process in accordance with a stored program, the process including sequen- 
tially reading a packet from the first memory, filtering packets containing a set of particular video and audio data 
and a control packet containing attribute information of the group of packets, and supplying the particular video 
and audio data to the video and audio decoders; 

a second memory (72) having a work area for at least the stored program; 

a third memory (73) for storing the attribute information contained in the control packet; and 

an interface unit (13) for transferring an external control signal to the processor, the external control signal 

being used for filtering a set of video and audio data. 

wherein the first to third memories are provided in the same memory element. 

12. A decoder according to claim 1 1 , further comprising: 

a detector (140) for detecting the header timing of each packet of the inputted group of packets, 

wherein updating an address used for storing the group of packets in the first memory is performed synchro- 
nously with an input timing of the packet header. 

1 3. A decoder according to claim 1 1 , further comprising: 

a clock generator (4) for generating a second clock signal having generally the same frequency as a first clock 
signal used as a time reference for compression coding; 
a counter (123) for counting the second clock signal: 

a sampling unit (124) for sampling the count of the counter synchronously with the header timing of each 
pocket of the inputted group of packets, the first memory having an area for storing the count sampled by the 
sampling unit at an address of the packed stored in the first memory; and 

a unit (1 2) for controlling the frequency of the clock generator, by using a difference change between the stored 
count and a time stamp if the packet contains the time stamp of the first clock signal. 

14. A decoder according to claim 12, further comprising: 

a clock generator (4) for generating a second clock signal having generally the same frequency as a first clock 
signal used as a time reference for compression coding; 
a counter (123) for counting the second clock signal: 

a sampling unit (124) for sampling the count of the counter synchronously with the header timing of each 
pocket of the inputted group of packets, the first memory having an area for storing the count sampled by the 
sampling unit at an address of the packed stored in the first memory; and 

a unit (12) for controlling the frequency of the clock generator, by using a difference change between the stored 
count and a time stamp if the packet contains the time stamp of the first clock signal. 

1 5. A decoder for compressed and multiplexed video and audio data for receiving a group of packets having a plurality 
of multiplexed packet sets each containing video data and associated audio data compressed by compression 
codes and packetized and outputting a set of video and audio signals, comprising: 

a video decoder (8) for decoding the compressed video data; 
an audio decoder (10) for decoding the compressed audio data; 

a filter (1 5) for filtering packets containing a set of particular video and audio data and a control packet contain- 
ing attribute information of the group of packets; 
a first memory (71) for sequentially storing the filtered packets; 

a processor (12) for executing a process in accordance with a stored program, the process including sequen- 
tially reading a packet from the first memory, supplying video and audio data to the video and audio decoders, 
and supplying the attribute information of the set of particular video and audio data; 
a second memory (72) having a work area for at least the stored program; 
a third memory (73) for storing the attribute information contained in the control packet; and 
an interface unit (13) for transferring an external control signal to the processor, the external control signal 
being used for filtering a set of video and audio data, 
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wherein the first to third memories are provided in the same memory element. 

1 6. A decoder according to claim 1 1 , further comprising: 

a fourth memory (74) provided in the same memory element as the first to third memories, the fourth memory 
being used for compensating for a shift between a timing when the video signal is outputted and a timing when 
the audio signal associated with the video signal is outputted, the shift being caused by a process delay by one 
of the video and audio decoders. 

1 7. A decoder according to claim 12. further comprising: 

a fourth memory (74) provided in the same memory element as the first to third memories, the fourth memory 
being used for compensating for a shift between a timing when the video signal is outputted and a timing when 
the audio signal associated with the video signal is outputted, the shift being caused by a process delay by one 
of the video and audio decoders. 

18. A decoder according to claim 13, further comprising: 

a fourth memory (74) provided in the same memory element as the first to third memories, the fourth memory 
being used for compensating for a shift between a timing when the video signal is outputted and a timing when 
the audio signal associated with the video signal is outputted, the shift being caused by a process delay by one 
of the video and audio decoders. 

19. A decoder according to claim 14, further comprising: 

a fourth memory (74) provided in the same memory element as the first to third memories, the fourth memory 
being used for compensating for a shift between a timing when the video signal is outputted and a timing when 
the audio signal associated with the video signal is outputted, the shift being caused by a process delay by one 
of the video and audio decoders. 

20. A decoder according to claim 15, further comprising: 

a fourth memory (74) provided in the same memory element as the first to third memories, the fourth memory 
being used for compensating for a shift between a timing when the video signal is outputted and a timing when 
the audio signal associated with the video signal is outputted, the shift being caused by a process delay by one 
of the video and audio decoders. 

21. A decoder for compressed and multiplexed application programs and data associated with the application pro- 
grams for receiving a group of packets having a plurality of multiplexed packet sets each containing an application 
program and associated data compressed by compression codes and packetized and executing a desired applica- 
tion program, comprising: 

filter means (15) for filtering packets containing a set of particular application program and associated data and 
a control packet containing attribute information of the group of packets: 
first memory means (71) for sequentially storing the filtered packets; 

processor means (12) for executing a process in accordance with a stored program, the process including 
sequentially reading a packet from the first memory means, reading the set of particular application program 
and associated data from the read packets, and executing the set of particular application program and data; 
second memory means (72) having a work area for at least the particular application program; 
third memory means (73) for storing the attribute information contained in the control packet; and 
interface means (1 3) for transferring an external control signal to the processor means, the external control sig- 
nal being used for filtering a desired set of application program and associated data, 

wherein the first to third memory means are provided in the same memory element. 

22. A decoder according to claim 21 , further comprising: 

display interface means (16) connected at least to the processor means for connecting an external monitor 
including display means to the decoder, 
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wherein the processor means executes the application program, and supplies obtained graphics data to the 
external monitor to display the graphics data on the display means. 

23. A decoder according to claim 22, wherein the external monitor includes a loudspeaker, the processor means exe- 
s cutes the application program, and supplies obtained audio data to the external monitor to reproduce the audio 

data from the loudspeaker. 

24. A decoder for compressed and multiplexed application programs and data associated with the application pro- 
grams for receiving a group of packets having a plurality of multiplexed packet sets each containing an application 

io program and associated data compressed by compression codes and packetized and executing a desired applica- 
tion program, comprising: 

a filter (15) for filtering packets containing a set of particular application program and associated data and a 
control packet containing attribute information of the group of packets; 

is a first memory (71 ) for sequentially storing the filtered packets; 

a processor (12) for executing a process in accordance with a stored program, the process including sequen- 
tially reading a packet from the first memory, reading the set of particular application program and associated 
data from the read packets, and executing the set of particular application program and data; 
. a second memory (72) having a work area for at least the particular application program; 

20 a third memory (73) for storing the attribute information contained in the control packet; and 

an interface unit (13) for transferring an external control signal to the processor, the external control signal 
being used for filtering a desired set of application program and associated data, 
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wherein the first to third memories are provided in the same memory element. 

25. A decoder according to claim 24, further comprising: 

a display interface unit (16) connected at least to the processor for connecting an external monitor including a 
display to the decoder, 

wherein the processor executes the application program, and supplies obtained graphics data to the exter- 
nal monitor to display the graphics data on the display. 

26. A decoder according to claim 25, wherein the external monitor includes a loudspeaker, the processor executes the 
35 application program, and supplies obtained audio data to the external monitor to reproduce the audio data from the 

loudspeaker. 

27. A receiver for encoded video and audio data, comprising: 

40 data selecting means (210 to 217) for selecting a set of packets and part or all of multiplexing information data 

and additional information data, from packets multiplexing a plurality of packet sets each having compression 
coded video data and audio data; 

bus access means (218) for supplying the selected set of packets, multiplexing information data, and additional 
information data to a bus; 
45 a microprocessor (204); 

a random access memory (203); 
a program memory (205); 

means (206) for processing the additional information data; 
means (207) for decoding the video data; and 
so means (208) for decoding the audio data, 

wherein a set of packets, multiplexing information data, and additional information data respectively selected 
by the data selecting means are stored via the bus access means and the bus into the random access memory, 
data read from the random access memory is analyzed by the microprocessor, the video data, audio data, and 
55 additional information data are discriminated in accordance with the multiplexing information data, and via the bus 
the video data is supplied to the video data decoding means, the audio data is supplied to the audio data decoding 
means, the additional information data or processed additional information data is supplied to the additional infor- 
mation data processing means. 
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28. A receiver for encoded video and audio data according to claim 27, further comprising: 

filter means (213) for filtering clock information of a set of packets; and 
means (220) for generating a clock signal from the clock information, 

5 

wherein the clock signal is supplied to the microprocessor, the video data decoding means, and the audio 
data decoding means. 

29. A receiver for encoded video and audio data according to claim 27, further comprising: 

10 

packet sync supply means (214) for supplying a packet sync signal of a set of packets to the microprocessor. 

30. A receiver for encoded video and audio data according to claim 29, wherein the packet sync signal is inputted to 
the microprocessor as an interrupt signal, and in response to the interrupt signal data of one packet is stored in the 

is random access memory. 

31. A receiver for encoded video and audio data according to claim 27, further comprising: 

data storage media interface means (222) for sending a set of packets and multiplexing information data 
20 selected by the data selecting means to data storage media and sending a set of reproduced packets from the 

data storage media to the bus access means. 

32. A receiver for encoded video and audio data according to claim 27, further comprising: 

25 a plurality of data selecting means, and data storage media interface means (222). 

wherein the data storage media interface means sends a set of packets and multiplexing information data 
selected by one of the data selecting means to data storage media and sending a group of reproduced packets 
from the data storage media to the bus access means. 

30 

33. A receiver for encoded video and audio data, comprising: 

a data selector (210 to 21 7) for selecting a set of packets and part or all of multiplexing information data and 

additional information data, from packets multiplexing a plurality of packet sets each having compression 
35 coded video data and audio data; 

a bus access unit (218) for supplying the selected set of packets, multiplexing information data, and additional 

information data to a bus; 

a microprocessor (204); 

a random access memory (203); 
40 a program memory (205); 

an additional information data processing unit (206) for processing the additional information data; 

a unit (207) for decoding the video data; and 

a unit (208) for decoding the audio data, 

45 wherein a set of packets, multiplexing information data, and additional information data respectively selected 

by the data selector are stored via the bus access unit and the bus into the random access memory, data read from 
the random access memory is analyzed by the microprocessor, the video data, audio data, and additional informa- 
tion data are discriminated in accordance with the multiplexing information data, and via the bus the video data is 
supplied to the video data decoding unit, the audio data is supplied to the audio data decoding unit, the additional 

so information data or processed additional information data is supplied to the additional information data processing 
unit. 

34. A receiver for encoded video and audio data according to claim 33, further comprising: 

55 a filter (213) for filtering clock information of a set of packets; and 

a clock generator (220) for generating a clock signal from the clock information. 

wherein the clock signal is supplied to the microprocessor, the video data decoding unit, and the audio data 
decoding unit. 
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35. A receiver for encoded video and audio data according to claim 33, further comprising: 

a packet sync supply unit for supplying a packet sync signal of a set of packets to the microcomputer. 

36. A receiver for encoded video and audio data according to claim 35, wherein the packet sync signal is inputted to 
the microprocessor as an interrupt signal, and in response to the interrupt signal data of one packet is stored in the 
random access memory. 

37. A receiver for encoded video and audio data according to claim 33, further comprising: 

a data storage media interface unit (222) for sending a set of packets and multiplexing information data 
selected by the data selector to data storage media and sending a set of reproduced packets from the data 
storage media to the bus access unit. 

38. A receiver for encoded video and audio data according to claim 33, further comprising: 

a plurality of data selectors, and a data storage media interface unit (222). 

wherein the data storage media interface unit sends a set of packets and multiplexing information data 
selected by one of the data selectors to data storage media and sending a set of reproduced packets from the data 
storage media to the bus access unit. 



16 



EP 0 735 776 A2 



UJZUJ 

Sgifc 



>- LU 3 
(/) Q CD 




BNGOOCtD: «£P___0736778A2JL> 



17 



EP 0 735 776 A2 




18 



EP 0 735 776 A2 



FIG.3A 



TS PACKET 



188 


188 


188 


188 


188 


188 



-TIME 





1 


TS 
HEADER 


PAYLOAD 




PACKET ID (PID) 




PES PACKET 


PES PACKET 





..' PES 
HEADER 



PROGRAM ELEMENT 



VIDEO.AUDIO.TEXT DATA OR THE LIKE 



FIG.3B 



TS PACKET 



188 


188 


188 


188 


188 


188 



-TIME 





TS 
HEADER 


PAYLOAD 






PACKET ID (PID) 








SECTION 


SECTION 


SECTION 



PROGRAM/SERVICE INFOMATION 



CRC 



PROGRAM MAP TABLE OR THE LIKE 



19 



BNBOOCn* <£P 07aS77M2J_> 



EP0 735 776 A2 



FIG.4 



PID 
TS HEADER 



PACKET LANDING TIME 



PACKET 
LANDING 
BUFFER 





Video#1 




Video#2 




Video#1 I 




Audk>#1 




PSI 




Video#2 



PSI 



Video#1 



-188 BYTES 



r 

o 
i 

2 
3 
4 
5 



N-2 
N-1 



TS LANDING 
BUFFER ROW 
ADDRESS 



BNGOOCtO: <£P_0T3677ttA2JLJ> 



20 



EP 0 735 776 A2 



FIG.5 



TS PACKET 



TS CLOCK 



MICRO- 
PROCESSOR 



INTERFACE 
UNIT 



i 



14 



TS HEADER 
DETECTOR 



140 



4 



12 



CLOCK 
GENERATOR 



INTERRUPT 
SIGNAL 



TR 



ONE LINE 
ADDITION 



i 



141 



TRANSFER 
BUFFER 



DREQ 



gger| Z 12 3 



TIMER 



BUSCLOCK 



DACK 



DMA 
CONTROLLER 



WRITE 
ADDRESS 
COUNTER 



WRITE ADDRESS 



RAM 



122 



REGISTER 

r 

124 



121 



PACKET LANDING 
BUFFER 



LI 



Video#1 



71 



Video#2 



PACKET 
LANDING 
TIME 



PACKET DATA 
^ I 



CO 
ZD 
CO 

< 

Q 



21 



EP 0 735 776 A2 



FIG.6 




N8DOC1D: <£P_p73577a*4JL> 



22 



EP 0 735 776 A2 



FIG.7 



PACKET FILTERING 
PROCESS (PROGRAM/ 
ELEMENT FILTER) 









FETCH PID 





S1 



PID?<program#k 



PROGRAM 
MAP TABLE 



S4 

1_ 



PID=program#k 
YES 



CLOCK 
RECOVERY 
PROCESS 



PID=Video#k 



S6 



VIDEO PACKET 
TRANSFER 
PROCESS 




PID=Audio#k 



AUDIO PACKET 
TRANSFER 
PROCESS 



PSI PACKET 
PROCESS 



ROW ADDRESS - 



S9 



UPDATE 



nMCDOftP: <£P /6ASL-L> 



23 



EP0 735 776 A2 



FIG.8 



DECODE INPUT 



PICTURE DATA 



DECODE START 



Video 



vbv BUFFER DELAY Tvbv 
DISPLAY TIMING DELAY 
EXTERNAL DEVICE DELAY 



DISPLAY START 



Tdisp 



VIDEO SYSTEM Tvid 
DELAY 



AUDIO SYSTEM 
DELAY 



Taud 



Text 



,Tadj 



VIDEO 
OUTPUT 



DELAY FOR A-V 
SYNC COMPENSATION 



DECODE START Qfwr AUDIO FRAME DATA 
AtidlO DISPLAY START I 



DISPLAY TIMING DELAY Tdisp ;- 



EXTERNAL DEVICE DELAY 



!Text 



AUDIO OUTPUT 



TIMEt 



t=PTS(v)=PTS(a) 



<£P__fl73677<8AaJL> 



24 



EP 0 735 776 A2 



FIG.9 



CLOCK 
RECOVERY 
PROCESS 



S4 







DIFcur<-PCR VALUE- 
ARRIVAL TIME 






DIFFERENCE 
<-DIFcur-DIFpre 



S15 



POSITIVE 



ACCELERATE 

CLOCK 
FREQUENCY 



S11 
S12 




S16 



1 



DECELERATE 

CLOCK 
FREQUENCY 



DIFpre<-DIFcur 



S17 



RET 



S18 



25 



EP 0 735 776 A2 



FIG.10 

PCR VALUE 
TIMER COUNTER VALUE 




3NBDOCID: <£P 073677ttA2 L> 



26 




EP 0 735 776 A2 



UJrr 
OQu] 

UJOlL 
QtD 




BNBOOOD! «£P 073S77BA2.L> 



27 



EP 0 735 776 A2 



FIG.12A 



188 


188 


188 


188 


188 


188 


188 


188 


188 


V-#j 


V-#k 


A-m 


V-#k 


PSI 


V-#j 


V-#i 


A-#k 


V-#i 



-TIME 

FIG.12B 

188 188 188 188 



V-#k 




V-#k 


PSI 



TIME 



FIG.13 



PACKET 
LANDING 
BUFFER 



PROGRAM 
#k 

SELECTED 



PID 

( TS HEADER 





Video#k 




Video#k 




Video#k 




Audio#k 




PSI 




Video#k 



PSI 



Video#k 



-188 BYTES 



0 
1 
2 
3 
4 
5 



N-2 
N-1 



TS LANDING 
BUFFER 
ROW 
ADDRESS 



073677ftA2_L> 



28 



EP 0 735 776 A2 



FIG.14 



PROGRAM 
PACK ET FILTER 
153 



Cl 

CLOCK 
GENERATOR 



TS PACKET 



TS CLOCK 



PCR 
COUNTER 



1 51\TRIGGE R a 1 52 X fPCR 



TS HEADER 
DETECTOR 



ERR 



COMPA- 
RATOR 



154 

INTERFACE 
UNIT 



INERRUPT SIGNAL 



MICRO- 
PROCESSOR 

12- 




14 



TRANSFER 
BUFFER 



DREQ 



BUSCLOCK 



DACK 



141 



DMA 
CONTROLLER 



'ADDITION 



WRITE 
ADDRESS 
COUNTER 



ADDRESS 



RAM 



122 



PROGRAM 
MAP TABLE 



PACKET LANDING BUFFER 



Vldeo#1 



Video#2 



71 



CO 
Z> 
CQ 

1 



^CP lirHHf NU9 I » 



29 



EP 0 735 776 A2 



FIG. 15 



PID=Video#k 



S6 


PID 




VIDEO PACKET 






TRANSFER 






PROCESS 





ELEMENT 
FILTERING 
PROCESS 



PROGRAM 



FETCH PID 



S1 




S5 REFERENCE- 
PID=PSI 



MAP TAB 





























S8 




PSI PACKET 
PROCESS 





UPDATE 



ROW ADDRESS-n 



S9 



30 




EP 0 735 776 A2 




31 



BNBOOCtD: <£P 0T3ff77BA2 I > 



EP 0 735 776 A2 



CO 
O 
CM 



O 
CVJ 



00 
O 
CM 



Li 



CM 
O 
CM 



OC 




VIDEO 
ECODER 




AUDIO 
ECODER 


OSD 
10CESS( 






a. 




o 







T 



CO 



l^ 7 



cc ■ CO 

^ CC 1X1 
2 Q_ O 



0) 



lu p cc 

Z 3 X 

XUJn 1 
O Q 



CM- 



LU 

z 



o 

OC 
LL 



u 



access 
ujocUj_i 

o° 
o 



O 
CM 



3 

a 
o 



o 



S3 



I 4 I 



o 
o 

CM 



LO 
O 
CM 



o 

CM 



CO 

o 

CM 



32 

BNBOOC(D:<£P 0736778*2 Jj> 



EP 0 735 776 A2 



7 



V) 
-O 



U 



CM 



0) 



o 

CM 
CM 



CO 
CM 



< UJ 

CO 



l_ 



00 
O 



Q 
Q 
Q_ 



LU 

o 



CVJ 



ERROR FLAG 
ADDER 

t 



CM 



MIXER 



4 



oc 

LU 



9 

Q_ 

I 

CO 
Q_ 



O | 

CM 



LU 



UL 

Q 

CL 
i 

CO 



CNJ 



s. 



CM 
CM 





OR 








1 


LU 


o 


LU 




CD 



IS 

LU Q 



5 



OC 
LU 



DC 

O 
Q_ 



CO 4 

CM 



>- 

LU 
Q 

O 

z 
> 

CO 



CM 



CM 
O 
CM 







5 


>- 


U. 

OC 


5 


ROI 


LU 
O 


oc 




LU 





CM 



\ 
\ 

LO 



ft»jflnrv*i> «gp OTas7raA2 I > 



33 




EP 0 735 776 A2 



Q 

g 




******** 



o 



X 

o 



******** 



CC 
LU 
Q 



CO 



CM 
X 

o 



X 

o 



CO 
X 

o 



CM 

X 

o 



X 

o 



******** 



CO 
Q. 



I 



o 
>- 

CO 






cc 




CO 



CM 

X 

o 



X 

o 






o 

CO 



o 
cc 

QC 



CM 



CO 

\ ////// ' A 



CM 

X 

o 

\****JJA 




CO 



\/////SA 
i 
i 
i 



cd 



03 



O 



55 

Li. 



O 
CM 

O 



ntjnrmnn- .rr o79S77ttAS I > 



34 



EP0 735 776 A2 



FIG.21 



FETCH DATA FROM CHANNEL 
DEMULTIPLEXER (DMAC) 







SELECT AND SEND VIDEO 


: PACKET 
DER 




AND AUDIO DATA 






ANALYZE PSI DATA AND SEND PID 


.YZE 
HEA 




INFORMATION TO BE SELECTED 


< 








ANALYZE SI DATA AND 






GENERATE OSD DATA 



35 



EP 0 735 776 A2 



CO 

E 



O) 

cm 



<D 



o 

CM 
CM 



CVJ 

CM 



oo 
cm 



CC 
< LLI 

°£ 

CD 



QUJ 



si 



SELECTOR 



CM . 
CO ■ 



ERROR FLAG 
ADDER 



cm r 



I 



MIXER 



cc 

LU 



Q 

a. 

Q_ 



o 

CM 



CC 

lu 



g 
a. 

c7> 



CM 



CC 
_JUJ 

oz 

LU 

o 



LU Q 

9cl 



CM 
CM 



4 



CC 

uu 
H 



tr 
o 

Q_ 



CO * 

CM 



CM 
CVJ 
OJ 



5 

IXI 
O 

o 
z 

CO 



CM 



LU g 

2o|ffi 

CO Z 



o 






>- 


LL. 

tr 




OS 


CC 




HI 





CM 



CM 
O 
CM 



3NSDOCID: <£P 0736776A2 . 1 . > 



36 



EP 0 735 776 A2 



CO 
CM 

O 



(0 



CM 



o 

CM 
CM 



GO 
CM 



CD 



01 



QUJ 



CM 
CM 



SELECTOR 



C\J 
CO 



CM 



ERROR FLAG 
ADDER 

t 



MIXER 



CM 



LU 



o 

Q_ 

CO 
0. 



5 



CM 



cr 

UJ 



g 

Q. 

CO 



Zjuj 

LU 

o 



CM 
CM 
CM 



tu o 



CO 



is 

LU Q 

9z 



CM 



5 



CM 



cr 

UJ 



DC 

o 

Q. 



A 



CM 



UJ 

o 

O 

z 
> 

CO 



4 



ERROR FLAG 
ADDER 



CO 
CM 
CM 



MIXER 



CC-> 

cc° 
cc 

UJ 



§ffi 

is 

UJQ 

9s: 



CM 



i 
81 



J to 

CM 
CM 



CO 
CM 
CM 



CC 
UJ 

LL 
O 
CL 

CO 
Q. 



CM 
O 
CM 



BMSOOCtO: <£P 073S77aA2.L> 



37 



EP 0 735 776 A2 




39 



(19) 



J 



(12) 



(88) Date of publication A3: 

06.05.1998 Bulletin 1998/19 



Europaisches Patentamt 
European Patent Office 
Off ice europten des brevets (11) EP 0 735 776 A3 

EUROPEAN PATENT APPLICATION 

(51) int. CI. 6 : H04N 7/50, H04N 7/52 



(43) Date of publication A2: 

02.10.1996 Bulletin 1996/40 

(21) Application number: 96104875.8 

(22) Date of filing: 27.03.1 996 



(84) Designated Contracting States: 


• Oku, Masuo 


DE FR GB 


Kamakura-shi (JP) 


(30) Priority: 29.03.1995 JP 71131/95 


(74) Representative: 


29.03.1995 JP 71132/95 


Altenburg, Udo, Dipl.-Phys. et al 




Patent- und Rechtsanwalte, 


(71 ) Applicant: HITACHI, LTD. 


Bardehle . Pagenberg . Dost . Altenburg . 


Chiyoda-ku, Tokyo 100 (JP) 


Frohwitter . Geissler & Partner, 


(72) Inventors: 


Galileiplatz 1 


81679 Munchen (DE) 


• Fujii, Yukio 




Totsuka-ku, Yokohama-shi (JP) 





(54) Decoder for compressed and multiplexed video and audio data 



CO 
< 
CO 

m 

CO 

o 
ID 



(57) An apparatus for filtering TS packets multi- 
plexed with a plurality of programs and sending the fil- 
tered packets to decoders (8, 10. 207. 208). A packet 
landing buffer is provided in a RAM (7) used for a micro- 



FIG.1 



CLOCK 
GENERATOR 



T i 




2 




14 

< 


TUNER 




DEMODU- 
LATOR 




INTERFACE 
UNIT 



12 



UCfO- 



13 



USER 
INTERFACE 

WE 



processor (12, 204) for system control. After a channel 
is selected, the microprocessor filters video and audio 
data and performs a value added service process. 



VIDEO 
DECODE 
BUFFER 



VIDEO 
DECODER 



AUDIO 
OECOOER 



-10 



PACKET 
LA NDING 
BUFFER 



SYSTEM CONTROL 
PROGRAM* DATA 



SYSTEM 
DE CODE 
PUFFER 



AUDIO DECODE 
► DELAY BUFFER 



-71 
~7 

-72 



-73 



-74 



Printed by Xerox (UK) Business Services 
2 16 1/3 4 



ONBOOCtD: <£P OTtAt fl6A3_L> 



EP 0 735 776 A3 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 10 4875 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



P.X 

P. A 



P.X 
P. A 



P,A 



Citation of document with indication, where appropriate. 
ot relevant passages 



EP 0 679 028 A (THOMSON CONSUMER 
ELECTRONICS) 

* column 1, line 11 - column 2, line 53 * 

* column 4. line 25 - column 5, line 51 * 

* column 11, line 11 - line 52 * 

* figure 3 * 

EP 0 679 035 A (THOMSON CONSUMER 
ELECTRONICS) 

* column 3, line 15 - column 4, line 40 * 

* figure 3 * 

STAMMNITZ P ET AL: "HARDWARE 
IMPLEMENTATION OF THE TRANSPORT STREAM 
DEMULTIPLEXER FOR THE HDTVT DEMONSTRATOR" 
SIGNAL PROCESSING OF HDTV, VI. PROCEEDINGS 
OF THE INTERNATIONAL WORKSHOP ON HDTV. 
1995, 

pages 435-441, XP002046490 

* page 436, paragraph 2 * 

* page 437, paragraph 4 - page 441, 
paragraph 5 * 

HURK VAN DEN J ET AL: "A CONCEPT FOR 
SOURCE DECODING IN DIGITAL VIDEO BROADCAST 
APPLICATIONS" 

INTERNATIONAL CONFERENCE ON CONSUMER 
ELECTRONICS - DIGEST OF TECHNI PAPERS. 
ROSEMONT, JUNE 7-9 1995, 

no. CONF. 14, 7 June 1995. INSTITUTE OF 
ELECTRICAL AND ELECTRONICS ENGINEERS, 
page 260/261 XP000547813 

* the whole document * 



The present search report has been drawn up tor all claims 



Relevant 
to claim 



5,15 

1,11,21, 
24,27,33 



5,15 

1.11,21. 
24,27,33 



1.3,5, 
11-15. 
27,28. 
33,34 



1,3,5,6 
8,10-20 
27,28. 
33,34 



Place of search 



THE HAGUE 



Date of completion ol the search 

19 March 1998 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



H04N7/50 
H04N7/52 



TECHNICAL FIELDS 
SEARCHED <lnt.C16) 



H04N 



Berwitz, P 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

V : particularly relevant if combined with another 

document of the same category 
A technological background 
O : non -written disclosure 
P intermediate document 



T : theory or principle underlying the invention 
E earlier patent document, but published on. or 

after the filing date 
D . document cited in the application 
L document cited for other reasons 



& member ot the same patent family, corresponding 
document 



*5. 



